Previous work has suggested that the Raven's Progressive Matrices (RPM) are better suited for capturing the nature of intelligence for individuals with autism spectrum disorder (ASD) than the Wechsler scales. The RPM measures 'fluid intelligence', an area for which it has been argued that persons with ASD have a relative strength. Given that measures of intelligence are used for establishing clinical diagnoses, for making educational decisions, and for group-matching in research studies, continued examination of this contention is warranted. In the current study, verbal children with ASD performed moderately better on the RPM than on the Wechsler scales; children without ASD received higher percentile scores on the Wechsler than on the RPM. Adults with and without ASD received higher percentile scores on the Wechsler than the RPM. Results suggest that the RPM and Wechsler scales measure different aspects of cognitive abilities in verbal individuals with ASD. For the verbal children and adults with ASD in the current study, the RPM and Wechsler scales have unique contributions that must be considered in context when establishing a baseline of cognitive function. The results of this investigation highlight the importance of thoughtfully selecting appropriate measures of intelligence consistent with clinical, educational, and research purposes, especially for verbal children and adults with ASD. ß
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Introduction
''Intelligence'' has been more challenging to characterize in individuals with autism spectrum disorder (ASD) than in individuals with typical development (TD). ASD is a neurodevelopmental disorder characterized by impairments in social interactions and stereotyped and repetitive behaviors (American Psychiatric Association (APA), 2013) . No IQ profile is representative of all individuals with ASD (Charman et al., 2011; Ghaziuddin & Mountain-Kimchi, 2004; Siegel, Minshew, & Goldstein, 1996; Williams, Goldstein, Kojkowski, & Minshew, 2008) , and recent evidence suggests that the factor structure of intelligence and its relationship to adaptive functioning in this group is different from that found in individuals with TD (see Charman et al., 2011; Goldstein et al., 2008) .
Measuring the intelligence of individuals with ASD is necessary for clinical assessment, educational service delivery, and research. The DSM-5 criteria for ASD include a specifier for cognitive abilities (APA, 2013) , recognizing that affected individuals vary on this construct and that it may be important for identifying ASD subtypes (Grzadzinski, Huerta, & Lord, 2013 ). Establishment of an overall level of cognitive functioning is typically part of the process of qualifying a child for special education services (White, Scahill, Klin, Koenig, & Volkmar, 2007) . Although not part of the diagnostic criteria, the related effect of ASD on cognitive functioning necessitates the consideration of the level of intelligence for most research in this area; the typical starting point for behavioral, neuroimaging, and neurofunctional studies is to individually-or group-match participants with ASD to controls on the basis of IQ, age, and gender or to use intellectual ability as a covariant in the statistical analyses. Important information about the cognitive and neurofunctional basis of ASD may be obscured if higher functioning individuals with ASD are compared to lower functioning individuals with TD (or vice versa). Therefore, the decision about what measure of intelligence to use in research is an important one (see Barbeau, Souliè res, Dawson, Zeffiro, & Mottron, 2013; McGonigle-Chalmers & McSweeney, 2013) .
Standardized measures of intelligence have generally been used to assess verbal individuals with ASD, including the various editions of the Stanford-Binet (e.g., SBV: Roid, 2003) and the Wechsler scales (Wechsler, 1981 (Wechsler, , 1991 (Wechsler, , 1999 , a practice supported by some research (Filipek et al., 1999; Mottron, 2004) . However, recent work has suggested that the Raven's Progressive Matrices (RPM; Raven, Raven, & Court, 1998) are better suited for capturing the nature of intelligence for individuals with ASD (Dawson, Souliè res, Gernsbacher, & Mottron, 2007; Hayashi, Kato, Igarashi, & Kashima, 2008; Souliè res, Dawson, Gernsbacher, & Mottron, 2011) . Dawson et al. (2007) were the first to suggest that the Wechsler scales may underestimate the intelligence of individuals with ASD and that the format of the RPM with its emphasis on fluid reasoning may be a more appropriate measure of intelligence for these individuals. They compared performance on the Wechsler assessments and the RPM in children and adults with and without ASD. Both the children and adults with ASD displayed dramatically higher RPM scores in comparison to age appropriate Wechsler assessments, while the TD groups exhibited no significant differences on these measures. The authors concluded that individuals with ASD are not impaired in fluid reasoning and suggested that conventional Wechsler IQ measures may underestimate the level of intelligence, which can lead to erroneous conclusions about the functioning level and cognitive profile of individuals with ASD (Dawson et al., 2007) .
However, the IQ discrepancy (lower IQ abilities assessed in individuals with ASD in comparison to TD) across groups in the Dawson study makes a comparison of the differences on the RPM versus the Wechsler difficult to assess, as greater differences could occur in lower functioning individuals overall regardless of ASD diagnosis. That is, the RPM may be a more accurate assessment of nonverbal abilities for any group of individuals with low verbal skills. Indeed, results of a separate but related study suggest that the higher performance on the RPM as compared to the Wechsler measures primarily occurs for individuals with ASD with cognitive impairment (Bö lte, Dziobek, & Poustka, 2009) .
Souliè res et al. (2011) also compared the performance of individuals with and without Asperger syndrome (ASP) (an ASD diagnosis characterized by relatively spared verbal abilities, lack of an early history of delayed language development, and IQ scores in the normal range, Klin, Volkmar, & Sparrow, 2000) on the RPM and the Wechsler scales to investigate whether the previously observed advantage on the RPM was also observed in more able individuals with ASD. Children and adults with and without ASP completed the RPM and the age appropriate Wechsler scale. Somewhat inconsistent with the findings by Dawson et al. (2007) , both the adults with and without ASP had higher percentile performance on the RPM as compared to performance on the Wechsler IQ. However, this same pattern did not occur for the children, with both groups having similar performance on the RPM and Wechsler scales, though children with ASP had significantly higher RPM than Performance IQ scores.
Taken together, these previous studies suggest that individuals with ASD with low average and below average IQs obtain relatively higher scores on the RPM than on the Wechsler scales. The contention is, then, that the Wechsler scales are underestimating the cognitive abilities of individuals with ASD and leading to erroneous conclusions about their general intellectual abilities. However, the results for verbal, high-functioning children and adults with ASD (including those with ASP) have been mixed (Bö lte et al., 2009; Chen, Planche, & Lemonnier, 2010; Dawson et al., 2007; Hayashi et al., 2008; Souliè res et al., 2011; see Table 1 ), making it unclear how to proceed when selecting a measure for intelligence for these individuals. Given that measures of intelligence are used for establishing clinical diagnoses, for making educational decisions, and for group-matching in research studies of ASD, a continued investigation comparing the information provided by the RPM and the information provided by the Wechsler scales is warranted. Therefore, the objective of the current study was to further investigate the issue of intelligence measurement in individuals with ASD in a sample of verbal children and adults with high-functioning ASD and controls with TD to answer the question of to what extent, if any, their performance on the RPM differs from their performance on the Wechsler scales.
Methods

Participants
We had archived data that could be used to investigate this question comparing the difference in performance on the two measures of intelligence with respect to verbal, high-functioning individuals with ASD. This data consisted of sizeable numbers and well-matched groups of children and adults with and without ASD who had been administered both the RPM and a Wechsler IQ measure. A small number of these cases were excluded to achieve group matching on gender, age, and full scale and verbal IQ with the ASD group.
All participants with high functioning ASD and TD were recruited and assessed by the Subject Core of an autism research center at a major university as consecutive cases from the community meeting criteria for the research program. Two age groups consisting of 85 children between the ages of 8 and 16 years (37 ASD and 48 TD) and 66 adults between the ages of 17 and 46 years (31 ASD and 35 TD), were included in this study (see Tables 2 and 3) .
The diagnosis for participants in the ASD groups was established through two structured research diagnostic instruments, the Autism Diagnostic Observation Schedule (ADOS: Lord et al., 2000) and the Autism Diagnostic Interview-Revised (ADI-R: Lord, Rutter, & Couteur, 1994) , and expert clinical opinion. All participants in the ASD groups met cutoffs for the diagnosis of autism on these instruments. The ADI-R scores were not available for two of the children and three of the adults, but these individuals had reported early histories consistent with a diagnosis of idiopathic autism and met criteria for current presentation on the ADOS. The range of ADOS scores (communication + social interaction totals) for both the children and adults in the ASD groups were 10-24 with a mean of 15. A cut-off score of 10 is consistent with a diagnosis of Autism on this instrument. All participants in the ASD groups had FSIQs greater or equal to 70, were able to communicate in complete Table 2 Descriptive statistics, unstandardized and standardized effect sizes and confidence intervals for children with and without ASD. spoken sentences, did not have attention or behavioral problems that prevented them from completing testing, did not have any associated or causative genetic, metabolic, or infectious conditions, were in good medical health, and had no history of seizures, birth injury, or head trauma. For purposes of comparison of the relationship of performance on the Wechsler measures and RPM, TD participants were recruited from the community with the same SES as the family of origin of the participants with ASD. Potential TD participants were screened by telephone questionnaires, interviews, and psychometric evaluations. TD participants were excluded if found to have a family history of ASD, developmental cognitive disorder, learning disability, affective disorder, anxiety disorder, schizophrenia, obsessive-compulsive disorder, or other neurologic or psychiatric disorders thought to have a genetic component.
The ASD and TD groups were matched by age, gender, SES, education, race, and VIQ. The group-matching on the Wechsler VIQ scores was used to equate the general performance level of the groups on a measure that was thought to be somewhat conceptually independent from the skills being measured by the RPM. When matched on VIQ, the mean PIQ scores for the ASD groups were significantly lower than the TD groups. A lower PIQ than VIQ in the ASD group is consistent with the pattern reported in Souliè res et al. (2011) comparison of Wechsler FSIQ and RPM performance in a group of children and adults with ASP. In that study, both the children and adult groups with ASP had a significant advantage of RPM over Wechsler PIQ scores. Therefore, the general Wechsler IQ profile of our participants with ASD was consistent with previously reported research in this area. More importantly, if nonverbal performance is more accurately represented by the RPM than by the Wechsler PIQ, the lower mean PIQ scores of our participants with ASD potentially created a bias in favor of finding an RPM advantage.
Approval for the study was granted by the Institutional Review Board at a major university. Written informed consent was obtained from participants and/or guardians prior to testing.
Measures
All tests were completed as part of a standard neuropsychological test battery and administered by trained examiners at an autism research center associated with a major university in the standard manner. All participants completed the standard version of the RPM in which a matrix of complex patterns or designs with a piece missing is presented and the participant has to select the missing piece from an array of possible options (Raven et al., 1998) . The test is comprised of 60 problems divided into five sets of 12 problems each. The items progress in difficulty from more simple to increasingly complex relationships with later items building on earlier established relationships. The RPM was designed to be used with both children and adults. The RPM was administered individually and was self-paced with no imposed time limits. RPM raw scores were converted to percentiles using the age appropriate United State Norms. Child participants were administered the Wechsler Intelligence Scale for Children, third edition (WISC-III: Wechsler, 1991) . Adult participants were administered the Wechsler Adult Intelligence Scale, Revised (WAIS-R: Wechsler, 1981) . Percentile ranks for the Wechsler scores were used for the data analyses to be consistent with earlier reported work in this area (i.e., Dawson et al., 2007; Souliè res et al., 2011) .
Analytic strategy
The primary question for our analyses was one of magnitude (e.g., ''To what extent do two means differ?'') with respect to the performance by each age/diagnostic group on the RPM and Wechsler scales. The American Psychological Association has suggested that, whenever possible, effect size point estimates and confidence intervals are preferable to null hypothesis significance testing (NHST), particularly when investigating psychological constructs that are best conceptualized along a continuum (American Psychological Association, 2010). Thinking in terms of estimation and precision, that is in terms of effect size estimates and confidence intervals [CIs]), is preferable to NHST thinking for a multitude of reasons and is the approach adopted here. For example, CIs provide rather useful information about expected mean differences under replication; p values, by contrast, can take on virtually any value upon replication and thus provide very little information about what is expected in future studies. In short, much more information can be gleaned from effect size point estimates and CIs than from p values (for a review, see Cumming, 2012) . Therefore, the current report provides unstandardized and standardized effect size estimates and corresponding CIs for all independent and paired comparisons. Cohen's d effect size estimates for paired means were calculated using the square root of the average variances as the standardizer; Cohen's d effect size estimates for independent means were calculated using the pooled within-groups standard deviation as the standardizer. All 95% CIs for d were calculated using approximations of the noncentral t distribution (see Algina & Keselman, 2003; Cumming, 2012; Cumming & Fidler, 2009; Rosnow & Rosenthal, 2009 ).
Power analysis
In addition to facilitating dichotomous thinking, recent simulations have indicated that NHST can promote an unsettling number of false positive publications (see Bakker, van Dijk, & Wicherts, 2012) . To directly address this issue, a power analysis was conducted to determine whether the sample sizes used in the current study would have been adequately powered to detect IQ measure differences if NHST had been employed as a conduit for statistical inference. Power calculations were based on the reported estimated effect sizes of RPM and FSIQ differences among individuals with ASD reported by Dawson et al. (2007) , as their study most directly replicated the crux of the primary tests reported here. Dawson et al. yielded paired Cohen's d values ranging from 0.78 to 1.29. The G*Power statistical program (Faul, Erdfelder, Lang, & Buchner, 2007) indicated that the current sample of 37 children and 31 adults with autism would have had excellent power (>0.99 in both groups) to detect mean differences using a two-tailed, paired t test with a = .05. In other words, the current study was extremely well-powered to detect within-group comparisons based on the effect size estimates reported in previous research. Even so, p values are reported sparingly for the reasons mentioned above, except in the case of x 2 or multiple degree of freedom tests, but enough information is provided in the sections that follow to directly and easily calculate p values. It should be noted that the pattern of results reported here is consistent with the results from traditional NHSTs.
Results
Child samples
The effect size point estimates and CIs for the between-group IQ test comparisons may be seen in Table 2 . In general, mean differences ranged from extremely small (RPM) to moderate (PIQ), suggesting that the samples were generally wellmatched.
The primary focus of the current report was to determine the extent to which the RPM performance was higher or lower than the Wechsler performance as measured by the PIQ, VIQ, and FSIQ among children with ASD and TD. Fig. 1 depicts the mean percentile scores of all IQ measures by group; Table 4 shows the percentile IQ means and standard deviations by group. Focusing on the children with ASD first, the largest differences were between RPM and PIQ scores, M diff = 11.54 [1.34, 21.74 .06], in this group. Taken together, while the differences between RPM and FSIQ scores were of similar magnitude across developmental groups, the effects were in opposing directions. That is, RPM percentile scores were slightly higher than FSIQ scores among children with ASD but moderately lower FSIQ scores among children with TD. An alternative way of expressing this relationship is that children with ASD had slightly lower Wechsler scales FSIQ scores relative to their RPM percentile scores. However, the Wechsler scales FSIQ scores were higher relative to RPM performance in children with TD.
Adult samples
The effect sizes and CIs for between-group differences were slightly larger in the adult sample (see Table 3 ). For example, the estimated standardized effect size for PIQ scores among adults was approximately twice as large as the effect for children. For all intents and purposes, however, the adult sample was well-matched on age but less well-matched than the child sample on the IQ subtests.
The most striking finding is that the pattern of IQ percentile score means for the adults with ASD differed from the pattern of results for the children with ASD (see Fig. 1 and Table 4 
Discussion
The present study compared the performance on the RPM and Wechsler Scales in higher functioning, verbally able children and adults with and without ASD to further address the issue of the differences in characterization of intelligence in ASD based on which tool was selected to make the measurement. Consistent with the findings of Souliè res et al. (2011), in the current study, children with ASD had higher RPM percentiles in comparison to their PIQ percentile. However, a different pattern occurred with respect to the RPM and Wechsler FSIQ relationship. In the Souliè res et al. study no difference occurred for the RPM and Wechsler FSIQ measures for the children with ASP. In the current study, children with ASD displayed higher RPM percentiles compared to FSIQ percentiles as measured by the WISC-III. A different pattern of results emerged for the adults with ASD. Souliè res et al. reported lower WAIS percentiles compared to RPM percentiles in adults with ASD. However, in the current study, adults with ASD had lower RPM percentiles compared to WAIS FSIQ percentiles. Furthermore, that pattern for the relationship between the RPM and FSIQ was also obtained for children and adults with TD.
Considered together, the results of the various studies suggest that the RPM may produce relatively higher scores for both low-and high-verbal children with ASD or ASP than the Wechsler PIQ measure. However, the RPM demonstrated no particular advantage for high-verbal children with ASD or ASP as compared to Wechsler FSIQ measures. The standardized 95% CI for PIQ scores among children suggests that there is an 83% chance that an exact replication of the current study could yield mean differences as small as 0.07 or as large as 0.97. The CIs also suggest that in many cases, although comparatively less likely, children with ASD could score higher on the various IQ tests than typically developing children in the population of these two groups upon replication. Therefore, the RPM may be an appropriate measurement tool when assessing nonverbal cognitive ability in both low-and high-verbal children with ASD, but the current findings suggest that it confers no particular advantage when used as an alternative to the Wechsler scales for verbal children with ASD.
Across studies, the results for the adult groups are less consistent than for the child groups. Why the various adult groups performed differently on the RPM is not clear. The aspect of cognition that is purported to be measured by the RPM, a specific kind of ''meaning making ability'' (Raven, 2008) , may actually differ in these groups. Alternately, differences in the level of verbal ability, cognitive functioning, and experiential knowledge may have influenced the results. For example, as previously noted, groups were intentionally matched on a variable thought to be independent of RPM performance (VIQ) and findings may be dependent on this matching strategy. 5 The important point is that no consistent pattern is emerging when the RPM is used with older, verbal individuals with ASD, suggesting great care must be taken when selecting intelligence measures for adults with ASD.
The implications of the current study when considered with the results of Dawson et al. (2007) , Souliè res et al. (2011) study, and studies of similar standardized assessments in clinical samples (Silverman et al., 2010) are that the cognitive differences characteristic of ASD cannot be reduced to or fully revealed by performance on an IQ test despite test form. This is partially due to the limitations inherent in the use of standardized tests to measure intelligence in general. However, the nature of the cognitive differences in ASD creates a particular challenge for the use of formal or standardized tests in this manner.
Previous research has indicated that the cognitive skills of children and adults with ASD are characterized by differences in processing across the cognitive domains, particularly during tasks that are challenging, due to the nature of information or the constraints of testing, and differences are only revealed by using a large battery of tests that provide measurement across cognitive domains (Minshew, Goldstein, & Siegel, 1997; Williams, Goldstein, & Minshew, 2006) . Based on this research, the cognitive profile of individuals with ASD is not captured by the presence or absence of certain specific cognitive skills. Rather, cognitive tasks become more challenging for individuals with ASD at levels lower than would be predicted by their overall general cognitive ability, an effect that is particularly seen as the demand for integration of information increases or as larger amounts of information without an inherent structure must be processed. The 'complexity' in this model relates to the dynamics of the information processing, not a particular type of information per se. That is, individuals with ASD are likely using different underlying neural responses that are susceptible to disruption (Just, Keller, Malave, Kana, & Varma, 2012; Minshew, Williams, & McFadden, 2008) but when this disruption will occur may be individually or situationally specific. Measures of intelligence provide information about the general level of cognitive resources but do not present a complete picture of cognitive processing capabilities in ASD. Understanding the cognitive challenges of ASD is most apparent in real world situations where the flow of information is dynamic and the demands for integration and decision-making are temporaneously brief.
In other words, individuals with ASD process information differently and, therefore, performance on an IQ test of any kind may not be predictive of their ability to function in the same way as individuals with TD on whom IQ tests are normed. Differential performance may occur on the RPM because aspects of the test may be adaptive for some individuals with ASD allowing them to perform better on this measure, such as for individuals with ASD who have less developed or less consistent verbal abilities. By the same token, differences may not be as adaptive for other individuals with ASD resulting in equivocal performance as compared to another standardized measure of cognitive functioning.
Another implication of the current study is relevant to the use of intelligence test scores for the purposes of research or clinical practice. The points made by Dawson et al. (2007) and Souliè res et al. (2011) regarding the underestimation of the cognitive abilities of individuals with ASD should be of concern when choosing any instrument to use with individuals with ASD and when interpreting the results of their performance on that instrument. The RPM would appear to provide an appropriate measure of ''meaning making'' abilities in individuals with ASD, particularly for children or for those who are less verbally able. However, RPM performance was lower than Wechsler performance in the verbally able adults with ASD in the current study, suggesting that multiple elements should be considered (e.g. context, situation, abilities assessed, methods used by similar studies) before selecting a measure of cognitive functioning in verbal individuals with ASD.
The current study is not all encompassing, and future research should be undertaken to further shed light on this complex issue. Specifically, it remains unclear what role gender may play in these results. In typically developing individuals, studies investigating aspects of intelligence and gender report that males and females display different patterns of strengths and weakness in comparison to each other (Halpern, 1997; Lynn & Irwing, 2004; Lynn, Raine, Venables, Mednick, & Irwing, 2005) . Previous research investigating potential sex differences in individuals with ASD has been mixed, with some studies reporting that males with ASD have higher IQs than females with ASD (Lord & Schopler, 1985; Volkmar, Szatmari, & Sparrow, 1993) and other more recent studies reporting equivalent performance (Mandy et al., 2012) . In the present study, the number of female participants is too small to make more conclusive interpretations about the role of gender.
6 Given the inconclusive literature on this topic in individuals with ASD, future research investigating the role of gender on this topic is warranted. Adequate caution should be exercised in interpreting the results of these measures, especially when using them to predict academic or adaptive functioning. Neither the Wechsler scales nor the RPM fully capture 'intelligence' or cognitive functioning in ASD with respect to either strengths or weaknesses. The nature of intelligence is multifaceted, therefore, multiple lines of inquiry as to its nature, strengths, and challenges in any individual are required whether or not that individual is on the autism spectrum.
5 Interestingly, when participants were matched on PIQ instead of VIQ and analyses were re-run, our results did not change dramatically. 6 Analyses resulted in no statistically significant differences between males and females on the RPM among children or adults (p > 0.05). Furthermore, all effect sizes were re-calculated without female participants, and the magnitude of the point estimates did not change in any appreciable way (the largest standardized effect size change across all analyses was 0.12; the average change was 0.08). Therefore, female participants were retained in all reported analyses.
